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JWST In a Nutshell 

ÅBIG, COLD Telescope 
ï6.5m and 40K 
ïDiffraction limited  ~2 mm 
ï131 nm wavefront error 

ÅBig Budget 
Å4 Instruments 
ÅStable L2 orbit 
ÅMajor components being 

delivered 
ÅSome assembly required 
ÅLaunch by 2018-0

+? 
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4 Main Science themes 
First Light and Reionization:   

Conduct deep surveys and follow-up spectroscopy 
for z~7-15 

   

 The Assembly of Galaxies:    

Measure  shapes and colors of galaxies, identify  
young star forming clusters 
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The Birth of Stars & Planets:  
Identify and characterize protostellar objects, 

probe low and high mass ends of IMF 

Follow chemistry through different phases of star 
formation 

Planetary Systems and the Origins of Life: 
Image and characterize young gas giants  

Characterize planetary atmospheres 

Study planet-debris disks interactions 

Study KBOs as debris disk parent bodies 
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JWST Instruments 
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Grism 
spectra 

Reno NV ExoPag  

FGS/NIRISS 

Grism spectra 
 

NIRISS 
grism 



Opportunities for ExoPlanet Science 

Transit Follow-up 
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Imaging Searches 
& Follow-up 



Planet Imaging 
with JWST 

ÅCoronagraphs in 3 instruments 
ïNIRCAM Lyot coronagraph for l>2 mm        

with both wedge-  and circular occulters. 
ïMIRI has 3 l-specific  4-Quadrant phase 

masks plus classical Lyot coronagraph 
ïNIRISS non-redundant mask (NRM) for      

high spatial resolution images 

Å Ground-space  competition 
ï8-10 m ground-based telescopes w ExAO 

win at l<2 mm and/or  for IWA<500 mas 
ïJWST  sensitivity advantage  at l>3 mm 

where space background dominates over 
diffracted & scattered starlight 
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NIRCAM  Imaging 
 

Red = F460M 
Green = F410M 
Blue = F360M 

F460M 
Orient 1 ς Orient 2 (10º) 

Multi-filter 
Combined, Unsubtracted 

Multi-filter 
Combined, Subtracted 

Planet 
пέ 

1 Gyr-old M0V star @ 4 pc 
2 MJup planet @ 7 AU 
5000 sec / filter / orientation Simulation by John Krist 
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ÅMultiple Lyot 
coronagraphs tuned for 
JWST/NIRCAM filters 
placed to study hot 
Jupiter atmospheres 



Direct Imaging of HR8799 

8 

ÅHighly stable PSF (few nm drift over few hours) with roll  
subtraction enables imaging of bright planets w/o coronagraph 
ïSNR>50 on (50 Myr, 5 Mjup) at 3-5 mm in 1800 sec 
ïSNR>5 on (50 Myr, 0.5 Mjup) at 5 mm 

ÅBetter PSF, higher throughput  but lower contrast 
ÅSimulation properties in F405N narrow-band filter 
ï1000×0.181 subarray ŜȄǇƻǎǳǊŜǎ όуΦо  Ch±ύ incl 4 roll angles  
ïKnown planets  b,c,d,e  (all 5 Mjup, 50 Myr COND models)  
ïPlant 4 more  planets at 0.5", 1.5", 2.5", and оΦрά όлΦр Mjup, 50 Myr) 

Direct image 

Simulation by John Krist 

Coronagraph image Direct image after PSF subtract 

5 Mjup, 50 Myr  



Coronagraph  Status 
ÅCoronagraphic masks fabricated by JPL  

and installed into NIRCam at LM 
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ÅAnalysis suggests negligible impact of  
higher WFE segments when placed 
under struts hidden by Lyot mask 

NIRCam first light image 

Krist 2011 



MIRI 4-Qudrant 
Phase Masks 
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Boccaletti et al 2010 

HR 8799 



NIRISS: Aperture Interferometric Imaging (AMI) 
ÅNon redundant mask providedes 

very high resolution (0.5 l/D) at 
moderate contrast  (10-4) and 
limited outer working angle. 

ÅMedium-band filter set optimized 
for exoplanet SED; good 
diagnostic of Teff and Log g. 

ÅComplements  NIRCam & MIRI. 
CO2 

Miller-Ricci et al. 2009 
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Hot  10 Me super-Earth   magma ball 

Non Redundant Mask  
Resln~0.5 l/Dbase (70 mas) out to 
OWA~l/Dap (400 mas) at 4.6 mm 


